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%LRGHJUDGDWLRQLVEHLQJFRQVLGHUHGDVDQLQVLWXWUHDWPHQWRSWLRQIRUUHPHGLDWLRQRIFRQWDPLQDWHG
JURXQGZDWHUDW7HVW$UHD1RUWK7$1RIWKH,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO/DERUDWRU\
,1((/7KHFRQWDPLQDQWSOXPHZKLFKFRQWDLQVWULFKORURHWKHQH7&(DQGUHODWHGGDXJKWHUSURGXFWV
LVDVVRFLDWHGZLWKDQLQMHFWLRQZHOODQGZDVWHVWRUDJHSRQGV7KHLQMHFWLRQZHOOZDVXVHGEHWZHHQ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WZRJRDOV7KHILUVWJRDOZDVWRGHWHUPLQHWKHSRWHQWLDOIRULQGLJHQRXVPLFUREHVDW7$1WRFRPSOHWHO\
FRQYHUW7&(WRQRQKD]DUGRXVHQGSURGXFWVXQGHULQVLWXFRQGLWLRQV7KHVHFRQGJRDOZDVWRPHDVXUHWKH
NLQHWLFVDQGVWRLFKLRPHWU\RIWKHPLFURELDOUHDFWLRQVDVVRFLDWHGZLWKWKHGHJUDGDWLRQSURFHVV
%LRUHPHGLDWLRQDW7$1PRVWOLNHO\ZLOOLQYROYHDQDHURELFWUHDWPHQWDWWKHKRWVSRWWRLQLWLDWH7&(
GHJUDGDWLRQIROORZHGE\R[LGDWLRQRIGDXJKWHUSURGXFWVLQWKHDHURELFSRUWLRQRIWKHSOXPH
&RQVHTXHQWO\H[SHULPHQWVZHUHFRQGXFWHGWRHYDOXDWHWKHSRWHQWLDOHIIHFWVRIWZRVHSDUDWH
ELRUHPHGLDWLRQVWUDWHJLHV7KHILUVWVFHQDULRLQYROYHVWKHFRPSOHWHFRQYHUVLRQRI7&(WRHWKHQHXQGHU
DQDHURELFFRQGLWLRQVYLDDQDHURELFUHGXFWLYHGHFKORULQDWLRQ$5'7KHVHFRQGVFHQDULRUHOLHVRQ
DQDHURELFFRQYHUVLRQRI7&(WRGLFKORURHWKHQH'&(DQGYLQ\OFKORULGH9&ZLWKVXEVHTXHQWDHURELF
ELRGHJUDGDWLRQRIWKH'&(DQG9&
7KHH[SHULPHQWDODSSURDFKXVHGLQWKLVZRUNLQFOXGHGPLFURFRVPDQGIHGEDWFKUHDFWRUVWXGLHV
XVLQJDTXLIHUPDWHULDOVREWDLQHGIURP:HOO7$17KHPLFURFRVPVWXGLHVZHUHFRQGXFWHGWRDVVHVV
WKHFDSDELOLWLHVRILQGLJHQRXVPLFUREHVWRGHJUDGH7&(XQGHUDHURELFDQGDQDHURELFFRQGLWLRQVDQGWR
LGHQWLI\HOHFWURQGRQRUVFDSDEOHRIVWLPXODWLQJWKHGHJUDGDWLRQSURFHVV)HGEDWFKUHDFWRUVWXGLHVZHUH
FRQGXFWHGWRGHWHUPLQHGHJUDGDWLRQNLQHWLFVZKLFKLQWXUQZRXOGEHXVHGLQWKHGHVLJQRIWKHILHOG
HYDOXDWLRQSODQ

 0(7+2'6
 &KHPLFDOV
7&(DQGFLV'&(ZHUHREWDLQHGIURP6LJPD&KHPLFDO&RPSDQ\6W/RXLV02&HUWLILHG
VWDQGDUGVROXWLRQVRIODFWDWHDFHWDWHSURSLRQDWHEXW\UDWH7&(FLV'&(WUDQV'&('&(DQG9&
ZHUHSUHSDUHGE\$FFX6WDQGDUG,QF1HZ+DYHQ&7&HUWLILHGPHWKDQHHWKDQHDQGHWKHQHVWDQGDUGV
ZHUHREWDLQHGIURP6FRWW6SHFLDOW\*DVHV3OXPVWHDGYLOOH3$&HUWLILHGDQLRQVROXWLRQVZHUHREWDLQHG
IURP'LRQH[6XQQ\YDOH&$$OORWKHUFKHPLFDOVZHUHSXUFKDVHGIURP)LVKHU6FLHQWLILF3LWWVEXUJK
3$
 $QDO\WLFDO7HFKQLTXHV
 &KORURHWKHQH$QDO\VLV
7&(FLV'&(WUDQV'&(DQG'&(ZHUHDQDO\]HGXVLQJWKH6ROLG3KDVH0LFURH[WUDFWRQ
630(WHFKQLTXH$UWKXUHWDO7KHDQDO\WHVZHUHH[WUDFWHGIURPKHDGVSDFHJDVHVIRUDSHULRGRI
PLQXWHVXVLQJDQµPSRO\DFU\ODWHFRDWHGILEHU6XSHOFR%HOOHIRQWH3$,PPHGLDWHO\IROORZLQJ
H[WUDFWLRQWKHDQDO\WHVZHUHGHVRUEHGLQWKHLQMHFWRURID+HZOHWW3DFNDUG+30RGHO6HULHV,,
+HZOHWW3DFNDUG3DOR$OWR&$JDVFKURPDWRJUDSK*&RQWRDPPPLQVLGHGLDPHWHU,'
µPGI57[5HVWHN%HOOHIRQWH3$FKURPDWRJUDSKFROXPQXVLQJDVSOLWOHVVPRGH7KHLQMHFWRU
ZDVILWWHGZLWKDPP630(OLQHUDQGPDLQWDLQHGDW°&+HOLXPZDVXVHGDVWKHFDUULHUJDVDWD
IORZUDWHRIDSSUR[LPDWHO\P/PLQXWH'XULQJWKHDVVD\WKHFROXPQWHPSHUDWXUHZDVLQLWLDOO\
PDLQWDLQHGDW°&IRUPLQXWHVDQGWKHQLQFUHDVHGWR°&DWDUDWHRI°&SHUPLQXWH$QDO\WHV
ZHUHGHWHFWHGXVLQJDIODPHLRQL]DWLRQGHWHFWRU),'PDLQWDLQHGDW°&7KH*&ZDVFDOLEUDWHGXVLQJ
LQKRXVHSUHSDUHGVWDQGDUGV7KHFDOLEUDWLRQZDVYHULILHGSULRUWRDQDO\VLVXVLQJFHUWLILHGFRQWUROVDPSOHV
8WLOL]LQJWKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRU7&(FLV'&(WUDQV'&(DQG'&(ZDV
SSE7KLVWHFKQLTXHZDVDOVRXVHGWRPHDVXUH9&KRZHYHUDµPFDUER[HQSRO\GLPHWK\OVLOR[DQH
FRDWHGILEHUZDVXVHGDQGWKHH[WUDFWLRQWLPHZDVLQFUHDVHGWRPLQXWHVUHVXOWLQJLQDORZHUGHWHFWLRQ
OLPLWRISSE
 (WKDQHDQG(WKHQH$QDO\VLV
+HDGVSDFHJDVZDVDQDO\]HGIRUHWKDQHDQGHWKHQHE\GLUHFWO\LQMHFWLQJDµ/VDPSOHLQWRD+3
0RGHO6HULHV,,*&HTXLSSHGZLWKD),'DQGDPPP,'3RUD3/278FROXPQ
&KURPSDFN5DULWDQ1-+HOLXPZDVXVHGDVWKHFDUULHUJDVDWDIORZUDWHRIP/PLQXWH
7KURXJKRXWWKHDVVD\WKHFROXPQWHPSHUDWXUHZDVPDLQWDLQHGDW°&WKHLQMHFWRUWHPSHUDWXUHDW°&
DQGWKHGHWHFWRUWHPSHUDWXUHDW°&7KH*&ZDVFDOLEUDWHGXVLQJFHUWLILHGJDVVWDQGDUGVDQGFRQWURO
VDPSOHVZHUHDVVD\HGGDLO\8VLQJWKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUERWKHWKDQHDQG
HWKHQHZDVSSPY
 0HWKDQHDQG2[\JHQ$QDO\VLV
+HDGVSDFHJDVZDVDQDO\]HGIRUPHWKDQHDQGR[\JHQE\GLUHFWO\LQMHFWLQJDµ/VDPSOHLQWRD
+30RGHO6HULHV,,*&HTXLSSHGZLWKDWKHUPDOFRQGXFWLYLW\GHWHFWRU7&'+HOLXPZDVXVHGDV
WKHFDUULHUJDVDWDIORZUDWHRIP/PLQXWH7KHVHSDUDWLRQFROXPQZDVDPPP,'VLOLFD
3/270ROVLHYH$&KURPSDFN5DULWDQ1-7KURXJKRXWWKHDVVD\WKHFROXPQWHPSHUDWXUHZDV
PDLQWDLQHGDW&WKHLQMHFWRUWHPSHUDWXUHDW&DQGWKHGHWHFWRUWHPSHUDWXUHDW&7KH*&
ZDVFDOLEUDWHGXVLQJFHUWLILHGVWDQGDUGVDQGFHUWLILHGTXDOLW\FRQWUROVWDQGDUGVZHUHDVVD\HGGDLO\8VLQJ
WKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUPHWKDQHZDVSSPYDQGWKDWRIR[\JHQZDV

 $FHWDWH3URSLRQDWHDQG%XW\UDWH$QDO\VLV
$FHWDWHSURSLRQDWHDQGEXW\UDWHOHYHOVZHUHPHDVXUHGE\ILOWHULQJFXOWXUHVDPSOHVµPSRUH
VL]HDQGDGMXVWLQJWKHS+WRXVLQJFRQFHQWUDWHGSKRVSKRULFDFLG7\SLFDOO\µ/RIDFLGZDV
DGGHGSHUP/RIILOWUDWHDQGWKHQµ/RIWKHDFLGLILHGVROXWLRQZDVLQMHFWHGGLUHFWO\LQWRD+30RGHO
6HULHV,,*&HTXLSSHGZLWKD),'DQGDPPPµPGI1XNROFROXPQ6XSHOFR,QF
%HOOHIRQWH3$+HOLXPZDVXVHGDVWKHFDUULHUJDVDWDIORZUDWHRIP/PLQXWH7KURXJKRXWWKH
DVVD\WKHFROXPQWHPSHUDWXUHZDVPDLQWDLQHGDW&WKHLQMHFWRUWHPSHUDWXUHDW&DQGGHWHFWRU
WHPSHUDWXUHDW&7KH*&ZDVFDOLEUDWHGXVLQJFHUWLILHGVWDQGDUGVDQGFRQWUROVWDQGDUGVZHUH
DVVD\HGSULRUWRUXQQLQJWHVWVDPSOHV8VLQJWKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUDFHWDWH
SURSLRQDWHDQGEXW\UDWHZDVPJ/
 0HWKDQRO$QDO\VLV
0HWKDQROFRQFHQWUDWLRQZDVDQDO\]HGE\GLUHFWO\LQMHFWLQJ/RIILOWHUHGFXOWXUHVDPSOHLQWRD
+30RGHO6HULHV,,*&HTXLSSHGZLWKD),'DQGDPPPGI;7,FROXPQ5HVWHN
%HOOHIRQWH3$+HOLXPZDVXVHGDVWKHFDUULHUJDVDWDIORZUDWHRIP/PLQXWH7KURXJKRXWWKH
DVVD\WKHFROXPQWHPSHUDWXUHZDVPDLQWDLQHGDW&WKHLQMHFWRUWHPSHUDWXUHDW°&DQGGHWHFWRU
WHPSHUDWXUHDW&7KH*&ZDVFDOLEUDWHGXVLQJDFHUWLILHGVWDQGDUGDQGFRQWUROVWDQGDUGVZHUH
DVVD\HGZLWKHDFKDQDO\WLFDOUXQ8VLQJWKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUPHWKDQROZDV
PJ/
 &KORULGH6XOIDWH1LWUDWHDQG1LWULWH$QDO\VLV
$QLRQFRQFHQWUDWLRQVZHUHPHDVXUHGLQILOWHUHGFXOWXUHVDPSOHVXVLQJD'LRQH[L'LRQH[
6XQQ\YDOH&$LRQFKURPDWRJUDSKLQVWUXPHQWHTXLSSHGZLWKDFRQGXFWLYLW\GHWHFWRUDQG,RQ3DF$*$
JXDUGDQGDQDO\WLFDOFROXPQV'LRQH[6XQQ\YDOH&$$P0VRGLXPFDUERQDWHP0VRGLXP
ELFDUERQDWHHOXDQWZDVSXPSHGWKURXJKWKHFROXPQVDWDIORZUDWHRIP/PLQXWH$P1VXOIXULF
DFLGVROXWLRQZDVXVHGDVWKHDQLRQVXSSUHVVLRQUHJHQHUDQW7KHLQVWUXPHQWZDVFDOLEUDWHGXVLQJ
FRPPHUFLDOUHIHUHQFHVWDQGDUGVDQGFHUWLILHGTXDOLW\FRQWUROVWDQGDUGVZHUHDVVD\HGEHIRUHVDPSOH
DQDO\VLV8VLQJWKLVWHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUVXOIDWHQLWUDWHDQGQLWULWHZDVPJ/
DQGWKDWRIFKORULGHZDVPJ/
 /DFWDWH$QDO\VLV
/DFWDWHFRQFHQWUDWLRQZDVGHWHUPLQHGLQILOWHUHGFXOWXUHVDPSOHVXVLQJD'LRQH[L'LRQH[
6XQQ\YDOH&$LRQFKURPDWRJUDSKLQVWUXPHQWHTXLSSHGZLWKDFRQGXFWLYLW\GHWHFWRU7KHDQDO\WLFDO
FROXPQZDVDQ,RQ3DF,&($6'LRQH[6XQQ\YDOH&$$P0QLWULFDFLGHOXDQWZDVSXPSHG
WKURXJKWKHFROXPQDWDIORZUDWHRIP/PLQXWH$P0WHWUDEXW\ODPPRQLXPK\GUR[LGHZDVXVHG
DVWKHDQLRQVXSSUHVVLRQUHJHQHUDQW7KHLQVWUXPHQWZDVFDOLEUDWHGXVLQJFRPPHUFLDOUHIHUHQFH
VWDQGDUGVDQGFHUWLILHGTXDOLW\FRQWUROVWDQGDUGVZHUHDVVD\HGEHIRUHVDPSOHDQDO\VLV8VLQJWKLV
WHFKQLTXHWKHPLQLPXPGHWHFWLRQOLPLWIRUODFWDWHZDVPJ/
 /DERUDWRU\0LFURFRVPV
 0DWUL[0DWHULDOV
$TXLIHUFRUHFROOHFWHGIURP:HOO7$1DQGJURXQGZDWHUIURP:HOO7$1ZHUHXVHGLQWKHVH
VWXGLHV7KHFRUHZDVREWDLQHGXVLQJVWHULOL]HGHTXLSPHQWDQGZDVSURFHVVHGDQGVLHYHGWRDPD[LPXP
VL]HRIFPXQGHUDQDUJRQDWPRVSKHUH*URXQGZDWHUZDVFROOHFWHGLQWRVWHULOL]HGFRQWDLQHUVDQG

H[SRVXUHWRDLUZDVPLQLPL]HG3ULRUWRXVHWKHSURFHVVHGFRUHPDWHULDOZDVPDLQWDLQHGXQGHUDUJRQDQG
ERWKWKHFRUHDQGWKHZDWHUZHUHKHOGDW°&
 $HURELF0LFURFRVPV
$HURELFPLFURFRVPVZHUHFRQVWUXFWHGE\SODFLQJJRIFUXVKHGFRUHVDPSOHDQGP/RI
JURXQGZDWHULQWRP/VHUXPERWWOHVZKLFKZHUHWKHQVHDOHGXVLQJ7HIORQOLQHGVHSWDDQGDOXPLQXP
FULPSULQJV7KHDSSURSULDWHQXWULHQWVVHH7DEOHZHUHDGGHGWRWKHJURXQGZDWHUSULRUWRGLVSHQVLQJ
,QERWWOHVFRQWDLQLQJPHWKDQHWKHKHDGVSDFHZDVIOXVKHGZLWKDPHWKDQHDLUJDVPL[WXUHIRUWKUHH
PLQXWHVSULRUWRVHDOLQJ,QWULQVLFDQGNLOOHGFRQWUROVZHUHSUHSDUHGLQWKHVDPHPDQQHU,QWULQVLF
FRQWUROVFRQVLVWHGRIQRQDPHQGHGJURXQGZDWHUDQGEDVDOW.LOOHGFRQWUROVFRQVLVWHGRIDXWRFODYHGEDVDOW
DQGILOWHUµPSRUHVL]HVWHULOL]HGJURXQGZDWHUFRQWDLQLQJVRGLXPD]LGH7KHH[SHULPHQWDO
FRQGLWLRQVLQFOXGHGLQWKHVWXG\DUHOLVWHGLQ7DEOH7RDOORZIRUGHVWUXFWLYHVDFULILFLDOVDPSOLQJ
ERWWOHVZHUHSUHSDUHGIRUHDFKRIWKHDFWLYHFRQGLWLRQVDQGERWWOHVZHUHVHWXSIRUHDFKNLOOHGFRQWURO
FRQGLWLRQ
7&(DQGFLV'&(ZHUHDGGHGWRVHDOHGPLFURFRVPERWWOHVDVDTXHRXVVWRFNVROXWLRQVXVLQJD
V\ULQJHSXPS2ULRQ5HVHDUFK,QF%RVWRQ0$ILWWHGZLWKDP/JODVVEDUUHODQGDJDXJHQHHGOH
$IWHUWKHV\ULQJHZDVORDGHGDVDPSOHRIWKHVWRFNVROXWLRQZDVGLVSHQVHGDQGDQDO\]HGWRGHWHUPLQHWKH
FKORURHWKHQHFRQFHQWUDWLRQ7KHZHLJKWRIVROXWLRQDGGHGWRHDFKERWWOHZDVWKHQPHDVXUHGDQGWKH
FRQFHQWUDWLRQRIFKORURHWKHQHLQHDFKERWWOHZDVFDOFXODWHG7KURXJKRXWWKHVWXG\WKHERWWOHVZHUH
LQYHUWHGWRPLQLPL]HORVVRIYRODWLOHRUJDQLFVDQGLQFXEDWHGVWDWLFDOO\LQWKHGDUNDWWKHUHSUHVHQWDWLYHVLWH
WHPSHUDWXUHRI°&
 $QDHURELF0LFURFRVPV
$QDHURELFPLFURFRVPVZHUHSUHSDUHGXVLQJWKHVDPHSURFHGXUHDVWKHDHURELFPLFURFRVPV
+RZHYHUJURXQGZDWHUXVHGLQWKHVHH[SHULPHQWVZDVSXUJHGZLWKQLWURJHQDQGERWWOHVZHUHVHWXSLQD
JORYHER[FRQWDLQLQJQLWURJHQDQGFDUERQGLR[LGH,QDGGLWLRQVRGLXPVXOILGHZDVDGGHGWR
DQDHURELFPLFURFRVPERWWOHVDWDILQDOFRQFHQWUDWLRQRIPJ/7KHH[SHULPHQWDOFRQGLWLRQVLQFOXGHG
LQWKHDQDHURELFVWXG\DUHOLVWHGLQ7DEOH
 6DPSOLQJ3URFHGXUHV
3DUDPHWHUVPHDVXUHGRYHUWLPHGXULQJDHURELFPLFURFRVPVWXGLHVDUHOLVWHGLQ7DEOHWKRVH
PHDVXUHGRYHUWLPHGXULQJDQDHURELFPLFURFRVPDQGNLQHWLFVWXGLHVDUHIRXQGLQ7DEOH,QLWLDOWHVW
FRQGLWLRQVZHUHGHWHUPLQHGE\UDQGRPO\VHOHFWLQJWZRERWWOHVIURPHDFKH[SHULPHQWDOJURXSDQG
DQDO\]LQJHDFKSDUDPHWHULQGXSOLFDWH6DPSOLQJZDVUHSHDWHGDIWHUZHHNVRILQFXEDWLRQDQG
VXEVHTXHQWO\HYHU\WRZHHNV2QFHELRORJLFDODFWLYLW\ZDVREVHUYHGPLFURFRVPVZHUHVDPSOHGLQ
WULSOLFDWH$HURELFPLFURFRVPVZHUHPHDVXUHGRYHUDPRQWKSHULRGDQGDQDHURELFPLFURFRVPVZHUH
PHDVXUHGRYHUPRQWKV

7DEOH([SHULPHQWDOPDWUL[IRUDHURELFPLFURFRVPVWXGLHVD
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P/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&KORURHWKHQHOHYHOVLQWKHKHDGVSDFHRIWKLVYLDOZHUHWKHQPHDVXUHGXVLQJWKH630(WHFKQLTXH
DQGD*&HTXLSSHGZLWKD),'8VLQJPHDVXUHGKHDGVSDFHYDOXHVWKHWRWDOFRQFHQWUDWLRQVRI7&(FLV
'&(WUDQV'&(DQG'&(LQWKHOLTXLGVDPSOHZHUHFDOFXODWHGXVLQJJDVSDUWLWLRQLQJFRQVWDQWV
*RVVHWW7KHVHQXPEHUVLQWXUQZHUHXVHGWRFDOFXODWHWKHFRQFHQWUDWLRQRIHDFKFKORURHWKHQHLQ
WKHUHDFWRU9&OHYHOVZHUHPHDVXUHGLQWKHKHDGVSDFHRIHDFKUHDFWRUE\LQVHUWLQJWKH630(ILEHU
WKURXJKWKHVHSWXPRIWKHJDVVDPSOHSRUWDQGH[WUDFWLQJIRUPLQXWHV/LTXLGSLFNHGXSRQWKHILEHU
GXULQJWKHVDPSOLQJSURFHVVSUHYHQWHGXVHRIWKLVWHFKQLTXHWRPHDVXUH7&(DQG'&(OHYHOVLQWKH
UHDFWRUKHDGVSDFH
 %LRUHDFWRU2SHUDWLRQ
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7DEOH7KURXJKRXWWKHH[SHULPHQWWKHUHDFWRUVZHUHLQFXEDWHGDW°&DQGPL[HGXVLQJVWDLQOHVV
VWHHOHQFDVHGPDJQHWVDQGPDJQHWLFVWLUSODWHV,QLWLDOO\WKHUHDFWRUVZHUHRSHUDWHGXQGHUEDWFK
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ZHUHUHDGMXVWHGWRP/XVLQJGHR[\JHQDWHGJURXQGZDWHU:KHQDYDLODEOHFDUERQZDVGHSOHWHG
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DQGXVLQJHLWKHUVRGLXPK\GUR[LGHRUSKRVSKRULFDFLG$IWHUDSSUR[LPDWHO\PRQWKWKHUHDFWRUV
ZHUHVZLWFKHGWRDIHGEDWFKPRGH'XULQJWKLVSKDVHWKHELRUHDFWRUVZHUHVDPSOHGWZLFHZHHNO\DQG
WKHOLTXLGUHPRYHGIURPWKHUHDFWRUVZDVUHSODFHGZLWKDQHTXDOYROXPHRIGHR[\JHQDWHG7$1
JURXQGZDWHUFRQWDLQLQJWKHDSSURSULDWHPL[DQGFRQFHQWUDWLRQRIQXWULHQWV
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H[LVWVFLV'&(KDVEHHQREVHUYHGWREHWKHSUHGRPLQDQWGHKDORJHQDWLRQSURGXFW'L6WHIDQRHWDO
.DVWQHUDQG3DUVRQVHWDO7KHUHIRUHLWZDVFKRVHQIRUHYDOXDWLRQLQWKLVVWXG\(OHFWURQ
GRQRUVXVHGLQFOXGHGWKRVHSRWHQWLDOO\DYDLODEOHWRPLFUREHVGRZQJUDGLHQWIURPDQDQDHURELFWUHDWPHQW
SURFHVV7RVFUHHQIRUSRVVLEOHQXWULHQWOLPLWDWLRQVLQWKHILHOGWKHHIIHFWRI\HDVWH[WUDFWDQGDPPRQLXP
SKRVSKDWHRQWKHGHJUDGDWLRQSURFHVVZDVDVVHVVHG<HDVWH[WUDFWSURYLGHVEDFWHULDZLWKDPLQRDFLGV
YLWDPLQVDQGJURZWKIDFWRUV2QFHJURZWKLVHVWDEOLVKHGPRVWEDFWHULDFDQSURGXFHWKHVHQXWULHQWVRQ
WKHLURZQ$PPRQLXPSKRVSKDWHZDVDGGHGDVDVRXUFHRIERWKQLWURJHQDQGSKRVSKRURXV$ELRWLF
FRQWUROVZHUHLQFOXGHGLQWKHVWXG\WRDFFRXQWIRUOHDNDJHDQGQRQELRORJLFDOORVVRI'&(,QWULQVLF
FRQWUROVERWWOHVFRQWDLQLQJQRQDPHQGHG7$1JURXQGZDWHUDQG7$1FRUHPDWHULDOZHUHLQFOXGHGWR
GHWHUPLQHLI'&(GHJUDGDWLRQFRXOGRFFXUZLWKRXWWKHDGGLWLRQRIDQHOHFWURQGRQRU
7KHUHVXOWVRIWKLVVWXG\DUHVXPPDUL]HGLQ7DEOH)ROORZLQJDPRQWKLQFXEDWLRQSHULRGFLV
'&(OHYHOVPHDVXUHGLQWKHNLOOHGDQGLQWULQVLFFRQWUROERWWOHVGHFUHDVHGE\DSSUR[LPDWHO\,Q
FRQWUDVWFRPSOHWH'&(UHPRYDOZDVPHDVXUHGLQERWWOHVFRQWDLQLQJPHWKDQHDQGDGHFUHDVHRI
RFFXUUHGLQWKRVHFRQWDLQLQJPHWKDQH7KLVILQGLQJLVFRQVLVWHQWZLWKHDUOLHUVWXGLHVVKRZLQJWKDW
PHWKDQRWURSKLFEDFWHULDFDSDEOHRIR[LGL]LQJ7&(DUHLQGLJHQRXVWRWKH7$1DTXLIHU'2(,'
,QWKHSUHYLRXVZRUNPHWKDQRWURSKLFSRSXODWLRQVZHUHIRXQGWREHKLJKHUQHDUWKHKRWVSRWPRVWOLNHO\
GXHWRHOHYDWHGOHYHOVRIQXWULHQWVDQGPHWKDQHZKLFKZHUHDOVRIRXQGLQWKHDUHD7RJHWKHUWKHVHGDWD
LQGLFDWHWKDWLIILHOGOHYHOVRIPHWKDQHFDQEHLQFUHDVHGDVDUHVXOWRIDQDFFHOHUDWHGELRWUHDWPHQWSURFHVV
PHWKDQRWURSKVZLOOSOD\DQDFWLYHUROHLQGHJUDGDWLRQRI7&(E\SURGXFWV
2YHUWKHFRXUVHRIWKHH[SHULPHQWDGHFUHDVHLQ'&(ZDVPHDVXUHGLQPLFURFRVPERWWOHV
DPHQGHGZLWKDPL[WXUHRIP0ODFWDWHP0DFHWDWHDQGP0SURSLRQDWH7KHVHILQGLQJV
GHPRQVWUDWHWKDWWKHVHDPHQGPHQWVVWLPXODWHLQGLJHQRXVFHOOJURZWKDQGIXQFWLRQDVHIIHFWLYHFR
VXEVWUDWHVIRUR[LGDWLYHGHJUDGDWLRQRI'&(
7KHDGGLWLRQRI\HDVWH[WUDFWWRERWWOHVFRQWDLQLQJRUJDQLFDFLGVUHVXOWHGLQDVOLJKWLQFUHDVHLQ'&(
UHPRYDOEXWGLGQRWDSSHDUWRHQKDQFHUHPRYDOLQERWWOHVFRQWDLQLQJPHWKDQH%DVHGXSRQWKHVHILQGLQJV
WKHXVHRI\HDVWH[WUDFWLQWKHILHOGGRHVQRWDSSHDUWREHZDUUDQWHG
7KHDGGLWLRQRIDPPRQLXPSKRVSKDWH1++32WRPLFURFRVPVFRQWDLQLQJPHWKDQHHQKDQFHG
'&(GHJUDGDWLRQ+RZHYHULQERWWOHVFRQWDLQLQJRUJDQLFDFLGV'&(UHPRYDODSSHDUHGWREHLQKLELWHG
,QKLELWLRQZDVPRVWOLNHO\DQDUWLIDFWGXHWRUDSLGFHOOJURZWKDQGVXEVHTXHQWFDUERQOLPLWDWLRQ,WFRXOG
DOVREHWKDWWKHUDSLGJURZWKREVHUYHGZDVIRUDSRSXODWLRQWKDWGRHVQRWGHFKORULQDWH'&(,QERWWOHV
FRQWDLQLQJRUJDQLFDFLGSOXV1++32DYDLODEOHFDUERQZDVGHSOHWHGZLWKLQGD\V,QFRQWUDVWDWWKH
HQGRIWKHH[SHULPHQWERWWOHVFRQWDLQLQJRUJDQLFDFLGZLWKRXW1++32FRQWDLQHGDSSUR[LPDWHO\
PJ/RIDFHWDWHDQGWKRVHDPHQGHGZLWK1++32SOXVPHWKDQHFRQWDLQHGDSSUR[LPDWHO\
PHWKDQH

7DEOH'HFUHDVHLQFLV'&(PHDVXUHGLQDHURELFPLFURFRVPERWWOHVIROORZLQJPRQWKVRI
LQFXEDWLRQ
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.& .LOOHGFRQWURO

$VLPLODUSUREOHPRFFXUUHGLQERWWOHVGRVHGZLWKPHWKDQRO$OWKRXJKORZOHYHOVRIGHFKORULQDWLRQ
ZHUHPHDVXUHGFDUERQGHSOHWLRQDJDLQRFFXUUHGZLWKLQWKHILUVWZHHNV&RQVHTXHQWO\WKHVH
H[SHULPHQWVGLGQRWDGHTXDWHO\PHDVXUHWKHDELOLW\RIPHWKDQROWRVWLPXODWHDHURELF'&(GHJUDGDWLRQRU
SURYLGHHQRXJKLQIRUPDWLRQWRIXOO\DVVHVVWKHHIIHFWRIDPPRQLXPSKRVSKDWHRQPLFURELDODFWLYLW\
 'HFKORULQDWLRQ8QGHU$QDHURELF&RQGLWLRQV
'HFKORULQDWLRQDFWLYLW\LQDQDHURELFPLFURFRVPERWWOHVZDVQRWGHWHFWHGXQWLOWKHWKLUGPRQWKRI
LQFXEDWLRQ$WWKDWWLPH7&(DQG'&(UHPRYDOLQERWKWKHNLOOHGFRQWURODQGLQWULQVLFFRQWUROERWWOHV
PHDVXUHGDSSUR[LPDWHO\$ORVVRI7&(ZDVREVHUYHGLQERWWOHVDPHQGHGZLWKRUJDQLFDFLGV
ODFWDWHSOXVSURSLRQDWHDQGLQWKRVHFRQWDLQLQJPHWKDQRO%DVHGXSRQWKLVHDUO\GDWDODFWDWHDQG
PHWKDQROZHUHFKRVHQDVHOHFWURQGRQRUVIRUEDWFKUHDFWRUVWXGLHVDQGFXOWXUHVIURPERWWOHVWKDWKDGEHHQ
DQDO\]HGZHUHXVHGWRLQRFXODWHWKHELRUHDFWRUV
7KHSHUFHQWFKORURHWKHQHUHPRYDOPHDVXUHGLQDQDHURELFPLFURFRVPVIROORZLQJPRQWKVRI
LQFXEDWLRQLVVXPPDUL]HGLQ7DEOH

7DEOH'HFUHDVHVLQFKORURHWKHQHOHYHOVPHDVXUHGLQDQDHURELFPLFURFRVPVIROORZLQJDPRQWK
LQFXEDWLRQSHULRG([SHULPHQWDOPDWUL[WUHDWPHQWQXPEHUVDUHSURYLGHGLQ7DEOH
([SHULPHQWDO&RQGLWLRQ
/RVVRI7&(
H[SHULPHQWDO
PDWUL[WUHDWPHQW
QXPEHU
/RVVRIFLV'&(
H[SHULPHQWDO
PDWUL[WUHDWPHQW
QXPEHU
.LOOHGFRQWURO  
,QWULQVLFFRQWURO  
/DFWDWHSURSLRQDWHZRUZR\HDVWH[WUDFWDQGDPPRQLXP
SKRVSKDWH



$ERYHDPHQGPHQWP0VXOIDWH  
$ERYHDPHQGPHQWP0QLWUDWH  
$ERYHDPHQGPHQWP0VXOIDWHP0QLWUDWH  
0HWKDQROZRUZR\HDVWH[WUDFWDQGDPPRQLXPSKRVSKDWH  
$ERYHDPHQGPHQWP0VXOIDWH  1$
$ERYHDPHQGPHQWP0QLWUDWH  1$
$ERYHDPHQGPHQWP0VXOIDWHP0QLWUDWH 1$ 
1$ &RQGLWLRQFRQWDPLQDQWFRPELQDWLRQZDVQRWHYDOXDWHG

7KURXJKRXWWKHH[SHULPHQWVLJQLILFDQWGHFKORULQDWLRQZDVQRWREVHUYHGLQWKHLQWULQVLFFRQWURO
ERWWOHV'XHWRLWVSUHVHQFHLQWKH7$1JURXQGZDWHUORZOHYHOVRIDFHWDWH≈PJ/ZHUHGHWHFWHGDW
VWDUWXS%\WKHHQGRIPRQWKVDFHWDWHFRQFHQWUDWLRQVLQWKHERWWOHVKDGLQFUHDVHGWRDSSUR[LPDWHO\
PJ/7KLVILQGLQJPRVWOLNHO\UHSUHVHQWVPLFURELDOGHJUDGDWLRQRIRUJDQLFPDWWHUSUHVHQWLQWKH
DTXLIHUPDWHULDOV7KHSUHVHQFHRIDFHWDWHLQWKHJURXQGZDWHULQGLFDWHVWKDWDVLPLODUVFHQDULRLV
RFFXUULQJLQWKHILHOG$FHWDWHKRZHYHUGLGQRWDSSHDUWRVWLPXODWHGHFKORULQDWLRQDFWLYLW\
2YHUWKHFRXUVHRIWKHH[SHULPHQW'&(GHJUDGDWLRQGLGQRWRFFXULQWKHDQDHURELFPLFURFRVPVD
ILQGLQJZKLFKZDVUHSRUWHGLQRWKHUVHGLPHQWVWXGLHV6NHHQHWDO
7&(OHYHOVPHDVXUHGLQDQDHURELFERWWOHVGLGQRWFKDQJHVLJQLILFDQWO\EHWZHHQDQGPRQWKVRI
LQFXEDWLRQ$WERWKVDPSOHSRLQWVDGHFUHDVHLQ7&(RIDSSUR[LPDWHO\ZDVPHDVXUHGLQ
PLFURFRVPVDPHQGHGZLWKDPL[WXUHRIODFWDWHDQGSURSLRQDWH,QWKHVHERWWOHVODFWDWHOHYHOVZHUH
GHSOHWHGEHWZHHQWKHVHFRQGDQGWKLUGPRQWKEXWKLJKOHYHOVRISURSLRQDWHDQGDFHWDWHZHUHVWLOOSUHVHQW
DWPRQWKV$SSDUHQWO\7&(GHJUDGDWLRQZDVVWLPXODWHGHDUO\LQWKHH[SHULPHQWLQWKHSUHVHQFHRI
ODFWDWH2QFHODFWDWHZDVGHSOHWHGGHJUDGDWLRQFHDVHG
,QERWWOHVDPHQGHGZLWKPHWKDQRODGHFUHDVHRIDSSUR[LPDWHO\7&(ZDVREVHUYHGDIWHU
PRQWKVRILQFXEDWLRQDQGDORVVRIZDVPHDVXUHGDWPRQWKV2YHUWKHFRXUVHRIWKHVWXG\
PHWKDQROOHYHOVLQWKHERWWOHVJUDGXDOO\GHFOLQHGEXWGLGQRWEHFRPHOLPLWLQJ$OWKRXJKPHWKDQRO
DSSHDUVWRVHUYHDVDQHIIHFWLYHHOHFWURQGRQRULWLVXQFOHDUZK\KLJKHUOHYHOVRI7&(GHJUDGDWLRQZHUH
QRWREVHUYHGRYHUWLPH

'HFKORULQDWLRQZDVLQKLELWHGE\KLJKFRQFHQWUDWLRQVRIVXOIDWHSUHVXPDEO\GXHWRFRPSHWLWLRQZLWK
7&(IRUHOHFWURQV7KHHIIHFWZDVOHVVSURQRXQFHGDWORZHUVXOIDWHOHYHOV8QGHUWKHVHWHVWFRQGLWLRQV
WKHDGGLWLRQRI\HDVWH[WUDFWQLWUDWHRUDPPRQLXPSKRVSKDWHGLGQRWDSSHDUWRHQKDQFH7&(GHJUDGDWLRQ
$WWKHHQGRIPRQWKVPHWKDQHSURGXFWLRQZDVQRWGHWHFWHGLQGLFDWLQJWKHDEVHQFHRI
PHWKDQRJHQVLQWKHHQULFKPHQWFXOWXUHV0HWKDQHKDVSUHYLRXVO\EHHQPHDVXUHGLQWKH7$1
HQYLURQPHQWLQGLFDWLQJWKHSUHVHQFHRIPHWKDQRJHQVLQWKHILHOG7KHIDLOXUHWRUHFRYHUWKHVHPLFUREHV
PD\EHGXHWRWKHVPDOODPRXQWRILQRFXOXPXVHGWRVHWXSWKHPLFURFRVPVRUORVVRIWKHVHPLFUREHV
GXULQJVDPSOHFROOHFWLRQ
 %LRUHDFWRU6WXGLHV
7KHSULPDU\IRFXVRIWKHELRUHDFWRUVWXGLHVZDVWRGHWHUPLQHWKHNLQHWLFVRI$5'E\LQGLJHQRXV
7$1PLFUREHV,QWKHVHVWXGLHVYDULRXVFRPELQDWLRQVRIFDUERQDQGHQHUJ\VRXUFHVZHUHDVVHVVHG
UHODWLYHWRWKHLUHIIHFWRQ$5'7KHVXEVWUDWHVWHVWHGLQFOXGHGODFWDWHJOXFRVHDQGPHWKDQRO/DFWDWH
DQGPHWKDQROZHUHFKRVHQIRUVWXG\EDVHGXSRQSUHOLPLQDU\PLFURFRVPGDWD*OXFRVHZDVLQFOXGHGWR
DVVHVVWKHIHDVLELOLW\RIXVLQJDFKHDSFDUERQVRXUFHVXFKDVPRODVVHVLQWKHILHOG&KORURHWKHQHOHYHOV
LQFOXGHGDQGPJ/7&(DQGµPROUHVSHFWLYHO\DQGPJ/µPROFLV'&(,Q
DGGLWLRQWKHUROHVRIVXOIDWHDQGQLWUDWHDVSRWHQWLDOO\FRPSHWLQJHOHFWURQDFFHSWRUVZHUHHYDOXDWHG
 'HFKORULQDWLRQ3URGXFWV
,QWKLVVWXG\QLQHELRUHDFWRUVZHUHLQRFXODWHGDQGEURXJKWRQOLQH,QDGGLWLRQRQHUHDFWRUZDVVHW
XSDQGPDLQWDLQHGXQGHUDELRWLFFRQGLWLRQVWRDVVHVVOHDNDJHDQGQRQELRORJLFDOORVVRI7&(,QLWLDOO\WR
DOORZPLFUREHVWRDFFOLPDWHDQGFHOOQXPEHUVWRLQFUHDVHWKHUHDFWRUVZHUHRSHUDWHGXQGHUDEDWFKPRGH
$IWHUGD\VRIRSHUDWLRQ7&(FRQFHQWUDWLRQVLQVHYHUDORIWKHUHDFWRUVEHJDQGHFUHDVLQJDQGORZOHYHOV
RIHWKHQHDQGHWKDQHZHUHGHWHFWHG$IWHUGD\VKHDGVSDFHOHYHOVRIHWKHQHDQGHWKDQHLQWKHVH
UHDFWRUVKDGLQFUHDVHGGUDPDWLFDOO\DQGORZOHYHOVRIFLV'&(ZHUHREVHUYHG7KHVHILQGLQJV
GHPRQVWUDWHGWKDWLQGLJHQRXVFXOWXUHVFDSDEOHRIFRPSOHWHGHFKORULQDWLRQRI7&(KDGEHHQLVRODWHG$W
WKDWWLPHLQDQWLFLSDWLRQRINLQHWLFVWXGLHVWKHUHDFWRUVZHUHFRQYHUWHGWRDIHGEDWFKPRGHDQGRSHUDWHG
DWDGD\K\GUDXOLFUHVLGHQFHWLPH+577KHFXOWXUHVZHUHDOORZHGWRHTXLOLEUDWHXQGHUWKHVH
FRQGLWLRQVIRUDSSUR[LPDWHO\PRQWKV
'XULQJHTXLOLEUDWLRQ7&(FRQFHQWUDWLRQVLQ5HDFWRUVDQG7DEOHFRQWLQXHGWR
GHFUHDVHDQGKLJKOHYHOVRIHWKHQHZHUHPHDVXUHG7&(GHJUDGDWLRQGDWDFROOHFWHGIURP5HDFWRU
ZKLFKZDVW\SLFDORIWKHRWKHUVLVVKRZQLQ)LJXUH,QWKLVJUDSKWKHSHULRGLFLQFUHDVHVLQ7&(
OHYHOVFRUUHVSRQGWR7&(DGGHGWRWKHUHDFWRUGXULQJIHHGLQJVXEVHTXHQWGHFUHDVHVUHSUHVHQW
GHJUDGDWLRQ7KHVKDUSGHFUHDVHLQHWKHQHDQGHWKDQHOHYHOVPHDVXUHGRQGD\VDQGZHUHGXHWR
DFFLGHQWDOORVVRIKHDGVSDFHJDVGXULQJVDPSOLQJSURFHGXUHV$OWKRXJKVOLJKWLQFUHDVHVLQFLV'&(ZHUH
PHDVXUHGWKHLVRPHUGLGQRWDFFXPXODWHLQWKHUHDFWRURYHUWLPH$VLQGLFDWHGLQ)LJXUHZKLFK
VKRZV7&(DQGHWKHQHHWKDQHOHYHOVLQWKHVWHULOHUHDFWRUDELRWLFORVVRI7&(ZDVPLQLPDO
7KURXJKRXWWKHILUVWPRQWKUHGR[SRWHQWLDOVLQDOORIWKHUHDFWRUVUDQJHGEHWZHHQDQG
P9,QWKHVHFRQGPRQWKKRZHYHUWKH(KSUREHVEHJDQWRIDLOPRVWOLNHO\GXHWRIRXOLQJDQGWKH
PHDVXUHPHQWVZHUHGLVFRQWLQXHG7KURXJKRXWWKHH[SHULPHQWWKHS+OHYHOVLQWKHUHDFWRUVZHUH
PDLQWDLQHGEHWZHHQDQG


)LJXUH7&(GHJUDGDWLRQE\LQGLJHQRXV7$1PLFUREHVLQIHGEDWFK5HDFWRUUHFHLYLQJODFWDWHDQG
7&(

)LJXUH7&(DQGHWKHQHOHYHOVLQDIHGEDWFKUHDFWRUPDLQWDLQHGXQGHUDELRWLFFRQGLWLRQV
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 5HODWLRQVKLS%HWZHHQ'HFKORULQDWLRQDQG(OHFWURQ'RQRUVDQG$FFHSWRUV
(WKHQHSURGXFWLRQLQWKHUHDFWRUVZKLFKLVSORWWHGLQ)LJXUHZDVXVHGDVDTXDOLWDWLYHPHDQVRI
DVVHVVLQJWKHHIIHFWVRIFXOWXUHDPHQGPHQWRQ7&(GHJUDGDWLRQ2YHUWKHFRXUVHRIWKHH[SHULPHQW
HWKHQHZDVQRWGHWHFWHGLQ5HDFWRU7KLVFXOWXUHZDVHQULFKHGDQGPDLQWDLQHGRQJOXFRVH+RZHYHU
KLJKHWKHQHOHYHOVZHUHSURGXFHGLQ5HDFWRUZKLFKUHFHLYHGDFRPELQDWLRQRIPHWKDQRODQGJOXFRVH
7RJHWKHUWKHVHILQGLQJVLQGLFDWHWKDWJOXFRVHDWOHDVWDVDVROHFDUERQVRXUFHGRHVQRWVWLPXODWH
GHFKORULQDWLRQDFWLYLW\ZKHUHDVPHWKDQRODSSHDUVZHOOVXLWHGIRU7&(GHJUDGDWLRQ
0RVWRIWKHUHDFWRUVDPHQGHGZLWKODFWDWHGHPRQVWUDWHGVLJQLILFDQW$5'DFWLYLW\,QKLELWLRQRI
$5'LQ5HDFWRUDVLQGLFDWHGE\ORZHWKHQHSURGXFWLRQFDQEHDWWULEXWHGWRKLJKOHYHOVRIVXOIDWHDQG
QLWUDWH,QDQDHURELFHQYLURQPHQWVWKHVHDQLRQVDUHFRPPRQO\XVHGE\EDFWHULDDVHOHFWURQDFFHSWRUVDQG
KDYHEHHQVKRZQWRFRPSHWHZLWK7&(IRUHOHFWURQV*LEVRQDQG6XIOLWD7KLVFRPSHWLWLYHHIIHFW
LVOHVVSURQRXQFHGLQ5HDFWRUZKLFKUHFHLYHGOHYHOVRIVXOIDWHDQGQLWUDWHFRPSDUDEOHWRWKHILHOG,W
ZDVXQFOHDUZK\$5'DFWLYLW\GLGQRWRFFXULQ5HDFWRUVDQGZKLFKZHUHRSHUDWHGXQGHUFRQGLWLRQV
VLPLODUWR5HDFWRUVDQGUHVSHFWLYHO\7KLVPD\KDYHEHHQGXHWRWKHSUHVHQFHRIGLIIHUHQWPLFURELDO
SRSXODWLRQVLQWKHPLFURFRVPERWWOHVWKDWZHUHXVHGWRLQRFXODWH5HDFWRUVDQG
0HWKDQHKDVSUHYLRXVO\EHHQPHDVXUHGLQ7$1JURXQGZDWHUVDPSOHVLQGLFDWLQJWKHSUHVHQFHRI
PHWKDQRJHQVLQWKHILHOG+RZHYHURYHUWKHFRXUVHRIWKHVHVWXGLHVWUDFHOHYHOVRIPHWKDQHZHUH
GHWHFWHGRQO\LQ5HDFWRUVDQG$VSUHYLRXVO\PHQWLRQHGWKHIDLOXUHWRUHFRYHUPHWKDQRJLF
EDFWHULDIURP:HOO7$1DTXLIHUPDWHULDOVPD\UHSUHVHQWORVVRIWKHVHPLFUREHVGXULQJVDPSOH
FROOHFWLRQDQGSURFHVVLQJ
 'HFKORULQDWLRQ.LQHWLFV
 .LQHWLF([SHULPHQWV$IWHURSHUDWLQJWKHUHDFWRUVXQGHUIHGEDWFKFRQGLWLRQVIRU
PRQWKVLWZDVDSSDUHQWWKDWVLJQLILFDQW$5'DFWLYLW\ZDVRFFXUULQJLQ5HDFWRUVDQG&RQVHTXHQWO\
WKH\ZHUHFKRVHQIRUGHWDLOHGNLQHWLFVWXGLHV,QDGGLWLRQWRGHWHUPLQHWKHHIIHFWVRIVXOIDWHDQGQLWUDWHDW
OHYHOVFRPSDUDEOHWRWKHILHOG5HDFWRUZDVLQFOXGHG$WRWDORIUHDFWRUH[SHULPHQWVZHUHFRQGXFWHG
EHWZHHQ0DUFKDQG0D\7KHILUVWRUGHUUHDFWLRQUDWHFRQVWDQWVGHULYHGIURPWKHVHGDWDDUH
VXPPDUL]HGLQ7DEOH
,QWKHILUVWVHWRIH[SHULPHQWV0DUFKWKHUHDFWRUVZHUHRSHUDWHGDWDGD\+57DQG
JURXQGZDWHUFRQWDLQLQJHOHFWURQGRQRUVDQGDQLRQVDWFRQFHQWUDWLRQVOLVWHGLQ7DEOHZDVIHGLQWRWKH
UHDFWRUVDWDUDWHRIP/GD\7&(DQG'&(ZHUHVSLNHGLQWRWKHUHDFWRUVDQGDOORZHGWRHTXLOLEUDWH
SULRUWRVWDUWXS,QLWLDOO\VDPSOHVZHUHWDNHQHYHU\KRXUVDQGDQDO\]HGIRUWKHSDUDPHWHUVOLVWHGLQ
7DEOH%HFDXVHYHU\OLWWOHFKDQJHLQ7&(ZDVREVHUYHGWKHVDPSOLQJVFKHGXOHZDVJUDGXDOO\
LQFUHDVHGWRHYHU\KRXUV7KURXJKRXWWKHH[SHULPHQWODFWDWHOHYHOVLQWKHUHDFWRUVIHOOEHORZGHWHFWLRQ
OLPLWZLWKLQKRXUVRIGRVLQJKRZHYHUDFHWDWHDQGSURSLRQDWHPHWDEROLFE\SURGXFWVRIODFWDWHZHUH
FRQVWDQWO\SUHVHQW


)LJXUH(WKHQHOHYHOVLQDQDHURELFIHGEDWFKUHDFWRUV(WKHQHZDV127GHWHFWHGLQ5HDFWRUV
DQG

,QVXEVHTXHQWH[SHULPHQWV0DUFKWKH+57ZDVUHGXFHGWRGD\VDQGODFWDWHOHYHOV
LQ5HDFWRUVDQGZHUHPDLQWDLQHGEHWZHHQDQGPJ/RYHUDKRXUSHULRGRQDGDLO\EDVLV
&RQFXUUHQWO\VXOIDWHOHYHOVLQ5HDFWRUZHUHPDLQWDLQHGEHWZHHQDQGPJ/DQGQLWUDWHDW
DSSUR[LPDWHO\PJ/0HWKDQRODQGJOXFRVHWKDWKDGSUHYLRXVO\EHHQIHGWR5HDFWRUZHUHRPLWWHG
6DPSOHVZHUHFROOHFWHGDQGDQDO\]HGHYHU\KRXUVRYHUDSHULRGRIKRXUV
'XULQJWKHVHH[SHULPHQWVJDVSURGXFWLRQDQGDFFXPXODWLRQZRXOGEHH[SHFWHGDVDUHVXOWRI
ODFWDWHXWLOL]DWLRQ+RZHYHUSUHVVXUHOHYHOVLQWKHUHDFWRUVUHPDLQHGFRQVWDQWRULQFUHDVHGRQO\VOLJKWO\
DQGQRDSSDUHQWORVVRIKHDGVSDFHJDVRFFXUUHGGXULQJVDPSOLQJ7RJHWKHUWKHVHILQGLQJVLQGLFDWHGWKDW
WKHUHDFWRUVZHUHVORZO\OHDNLQJ&KORULGHFRQFHQWUDWLRQVLQWKHUHDFWRUVZRXOGDOVREHH[SHFWHGWR
LQFUHDVHDV7&(GHJUDGDWLRQSURJUHVVHGEXWDWWKHSUHVHQWFRQYHUVLRQUDWHWKHVPDOOLQFUHDVHVZHUH
GLIILFXOWWRGHWHFWGXHWRWKHSUHVHQFHRIKLJKEDFNJURXQGFKORULGHLQWKHUHDFWRUV
,QDQDWWHPSWWRUHVROYHWKHOHDNDJHSUREOHPWKHH[SHULPHQWVZHUHPRGLILHGDQGUHSHDWHG,QWKLV
VHWRIVWXGLHV0D\DQG0D\WKHVWHULOHFRQWURO5HDFWRUZDVLQFOXGHGDQGSURSDQHZDV
DGGHGWRWKHKHDGVSDFHRIWKHUHDFWRUVDVDFRQVHUYDWLYHWUDFHU3URSDQHLVQRWSURGXFHGE\WKHEDFWHULDRU
H[SHFWHGWRGHJUDGHXQGHUDQDHURELFFRQGLWLRQVWKHUHE\SURYLGLQJDPHDQVWRPRQLWRUOHDNDJHRIHWKHQH
DQGHWKDQHDVZHOODV7&(
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 7&(DQG'&('HJUDGDWLRQ5DWH&RQVWDQWV3VHXGRILUVWRUGHUUDWHFRQVWDQWVIRU7&(
GHJUDGDWLRQZHUHVXFFHVVIXOO\HVWLPDWHGIRUDOORIWKHUHDFWRUH[SHULPHQWV,QDGGLWLRQSVHXGRILUVW
RUGHUUDWHFRQVWDQWVIRUFLV'&(GHJUDGDWLRQZHUHHVWLPDWHGIRUVL[RIWKHVHYHQH[SHULPHQWV
FRQGXFWHGLQ5HDFWRUZKLFKUHFHLYHGLQMHFWLRQVRI'&(7DEOHVKRZVHVWLPDWHGSVHXGRILUVWRUGHU
UDWHFRQVWDQWVKDQGGDQGHVWLPDWHGGHJUDGDWLRQKDOIOLYHVGIRU7&(DQG'&(WDNLQJLQWRDFFRXQW
JDVOLTXLGPDVVWUDQVIHU$OVRVKRZQDUHQRUPDOL]HGVXPRIVTXDUHGUHVLGXDOV665YDOXHV1RUPDOL]HG
665ZKLFKFRXOGDOVREHFDOOHGQRUPDOL]HGPHDQVTXDUHHUURUZDVFDOFXODWHGE\GLYLGLQJWKH665E\WKH
QXPEHURIGDWDSRLQWVDQGE\WKHDYHUDJHFRPSRXQGFRQFHQWUDWLRQRYHUWKHWLPHLQWHUYDO'LYLGLQJE\WKH
DYHUDJHFRPSRXQGFRQFHQWUDWLRQVHUYHVWRUHPRYHELDVDVVRFLDWHGZLWKODUJHGLIIHUHQFHVLQFRPSRXQG
FRQFHQWUDWLRQVDQGFDQEHKHOSIXOZKHQILWWLQJWZRFXUYHVVLPXOWDQHRXVO\RUZKHQFRPSDULQJFXUYHILWV
EHWZHHQH[SHULPHQWV)LUVWRUGHUPRGHOSDUDPHWHUVLHLQLWLDOFRPSRXQGFRQFHQWUDWLRQDQGILUVWRUGHU
GHJUDGDWLRQUDWHFRQVWDQWZHUHHVWLPDWHGE\ILWWLQJPRGHOFXUYHVWRH[SHULPHQWDOGDWDE\WLPHEDVHG
QXPHULFDOLQWHJUDWLRQ(VWLPDWLRQRILQGLYLGXDO0LFKDHOLV0HQWHQPRGHOSDUDPHWHUVZDVQRWSRVVLEOH
EHFDXVHWKHSDUDPHWHUVFRUUHODWHGZLWKHDFKRWKHUPDWKHPDWLFDOO\RYHUWKHUDQJHRIH[SHULPHQWDO
FRQGLWLRQVLQYHVWLJDWHG)RUZDUGSRLQWHVWLPDWHVZHUHEDVHGRQDIRXUWKRUGHU5XQJH.XWWDPHWKRG
2SWLPL]DWLRQZDVSHUIRUPHGWRPLQLPL]HWKHQRUPDOL]HG665XVLQJWKH6ROYHUDSSOLFDWLRQLQ0LFURVRIW
([FHOZKLFKLVEDVHGRQDJHQHUDOL]HGUHGXFHGJUDGLHQWRSWLPL]DWLRQDOJRULWKP7RFRXQWHU
GLIILFXOWLHVVRPHWLPHVHQFRXQWHUHGZLWKQXPHULFDOSURFHGXUHVDQGWRKHOS6ROYHULGHQWLI\JOREDOUDWKHU
WKDQORFDOPLQLPDWKHSURFHGXUHZDVSHUIRUPHGLWHUDWLYHO\XVLQJGLIIHUHQWLQLWLDOSDUDPHWHUYDOXHV
$YDLODEOHHYLGHQFHLQGLFDWHVWKDWJOREDOPLQLPDKDYHEHHQLGHQWLILHGLQDOOLQVWDQFHV
$VVKRZQLQ7DEOHHVWLPDWHG7&(SVHXGRILUVWRUGHUUDWHFRQVWDQWVUDQJHGRYHUDOOIURP
WRGZLWKDYHUDJHYDOXHVRIDQGGLQ5HDFWRUVDQGUHVSHFWLYHO\
%DVHGRQWKHILUVWRUGHUPRGHODQGDFFRXQWLQJIRUJDVOLTXLGPDVVWUDQVIHULQWKHUHDFWRUVWKHVHYDOXHV
FRUUHVSRQGWRHVWLPDWHG7&(GHJUDGDWLRQKDOIOLYHVUDQJLQJIURPWRGZLWKDYHUDJHYDOXHVRI
DQGGLQ5HDFWRUVDQGUHVSHFWLYHO\7ZRH[SHULPHQWVFRQGXFWHGLQ0D\LQ
5HDFWRUDSXWDWLYHVWHULOHFRQWUROVKRZHGDQDYHUDJHHVWLPDWHG7&(KDOIOLIHRIG(VWLPDWHG
'&(SVHXGRILUVWRUGHUGHJUDGDWLRQUDWHFRQVWDQWVIRU5HDFWRUUDQJHGIURPWRGZLWKDQ
DYHUDJHYDOXHRIG$JDLQEDVHGRQWKHILUVWRUGHUPRGHODQGDFFRXQWLQJIRUJDVOLTXLGPDVV
WUDQVIHULQWKHUHDFWRUWKHVHYDOXHVFRUUHVSRQGWRHVWLPDWHG'&(GHJUDGDWLRQKDOIOLYHVUDQJLQJIURP
WRGZLWKDQDYHUDJHYDOXHRIG7KHIDFWWKDW'&(DFFXPXODWLRQVZHUHQRWREVHUYHGLQ
5HDFWRUVDQGDV7&(GHJUDGHGLVFRQVLVWHQWZLWK'&(KDYLQJDIDVWHUGHJUDGDWLRQUDWHWKDQ7&(
 (YDOXDWLRQRI5HDFWRU/HDNDJHZLWKD3URSDQH7UDFHU([SHULPHQWVZHUH
FRQGXFWHGRQ0D\DQG0D\LQZKLFKSURSDQHZDVLQWURGXFHGLQWRWKHKHDGVSDFHRI
5HDFWRUDQGWRHYDOXDWHOHDNDJHRIJDVHVDQGYRODWLOHRUJDQLFFRPSRXQGV'DWDIURPWKHVH
H[SHULPHQWVZHUHPRGHOHGXVLQJWKUHHDSSURDFKHVDVSUHVVXUHGULYHQDGYHFWLYHWUDQVSRUWDV
FRQFHQWUDWLRQGULYHQGLIIXVLRQDQGDVDILUVWRUGHUORVVSURFHVV'LIIXVLRQFRHIILFLHQWVZHUHHVWLPDWHG
IRUSURSDQHFPK7&(FPKDQG'&(FPKXVLQJWKHPHWKRGRI)XOOHU6FKHWWOHU
DQG*LGGLQJV/\PDQHWDO%HFDXVHWKHGDWDH[KLELWHGVLJQLILFDQWVFDWWHULQWZRUDQGRPORRNLQJ
SDWWHUQVRQHDW0D\DQGRQHDW0D\WKHRYHUDOOWUHQGEHWZHHQWKHWZRSDWWHUQVRIGDWDFRXOG
EHPRGHOHGZLWKWKHVDPHGHJUHHRIHIILFDF\XVLQJDQ\RIWKHWKUHHPRGHOV%DVHGRQWKHILUVWRUGHU
PRGHOSURSDQHGLVDSSHDUDQFHKDOIOLYHVRIDQGG±FRQVLGHUDEO\ORQJHUWKDQHVWLPDWHG7&(
DQG'&(GHJUDGDWLRQKDOIOLYHV±ZHUHHVWLPDWHGIRU5HDFWRUVDQGUHVSHFWLYHO\8VLQJWKH
GLIIXVLRQPRGHODQGDGMXVWLQJIRUGLIIHUHQFHVLQSURSDQHDQG7&(GLIIXVLRQSURSHUWLHVWKHSRWHQWLDO
LPSDFWVRIGLIIXVLRQORVVHVZHUHHYDOXDWHGIRU5HDFWRUVDQGLQWKH0DUFKH[SHULPHQWV
7KHVHUHVXOWVVKRZHGYHU\VOLJKWLQFUHDVHVLQHVWLPDWHG7&(GHJUDGDWLRQKDOIOLYHVLHIURPWR
IURPWRDQGIURPWRGIRU5HDFWRUVDQGUHVSHFWLYHO\%HFDXVHWKHHIIHFWVRI
OHDNDJHRQWKHHVWLPDWHGILUVWRUGHUGHJUDGDWLRQUDWHFRQVWDQWVDSSHDUHGWREHVRPLQRUDQGEHFDXVHLWLV
QRWSRVVLEOHWRDVFHUWDLQDWZKDWUDWHUHDFWRUOHDNDJHPD\KDYHGHYHORSHGQRIXUWKHUHIIRUWVZHUHPDGHWR
LQYHVWLJDWHSRWHQWLDOOHDNDJHHIIHFWV

7DEOH6XPPDU\RI)LUVW2UGHU5HDFWLRQ5DWH&RQVWDQWV
([SHULPHQW 5HDFWRU NK NG 1RUPDOL]HG665 WG
'DWH 1R 7&( '&( 7&( '&( 7&( '&( 7&( '&(
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         
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         
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         
         
         
+LJK         
/RZ         
0HDQ         
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         
+LJK         
/RZ         
0HDQ         
6'         
&9         
        
         
         
         
         
         
         
         
+LJK         
/RZ         
0HDQ         
6'         
&9         
        
         
         
+LJK         
/RZ         
0HDQ         
6'         
&9         


2EVHUYDWLRQRIDQHVWLPDWHG7&(KDOIOLIHRIGLQ5HDFWRULVSHUSOH[LQJLQYLHZRIWKH
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FXUUHQWO\DYDLODEOHGDWD
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